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QRU WKH GLIIXVLRQ FRHIILFLHQW ZHUH VLJQLILFDQWO\ DOWHUHG E\ WKH DGGLWLRQ RI ODSRQLWH LQWR WKH )ULFNH [\OHQRO RUDQJH JHO
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,1752'8&7,21

7KHTXDOLW\DVVXUDQFHRIPHGLFDOSURFHGXUHVWKDWXVHLRQL]LQJUDGLDWLRQLVDNH\HOHPHQWIRUSDWLHQWVDIHW\DQG
WUHDWPHQWRXWFRPH,QSDUWLFXODUWKHVXFFHVVRIUDGLDWLRQWKHUDS\LQWUHDWLQJFDQFHUGHSHQGVRQWKHGHOLYHU\RIDOHWKDO
UDGLDWLRQGRVHWRWKHWXPRUZLWKDVOLWWOHDVSRVVLEOHKDUPWRVXUURXQGLQJWLVVXHV>@$UDGLDWLRQVHQVLWLYHGHYLFHDEOH
WRPDSWKHGLVWULEXWLRQRIWKHGRVHGHOLYHUHGLQDFOLQLFDOVHWWLQJPXVWFRPELQHVXLWDEOHGRVLPHWULFIHDWXUHVZLWKWKH
DELOLW\WRFDSWXUHDQGVWRUHWKHLQIRUPDWLRQRQORFDOYDULDWLRQVLQGXFHGE\WKHGHOLYHUHGGRVH>@'RVLPHWULFPDWHULDOV
RIGLIIHUHQWQDWXUHKDYHEHHQVWXGLHGRYHUWKHGHFDGHVWRDVVHVVWKHLUGRVLPHWULFSHUIRUPDQFHIRUYDULRXVUDGLDWLRQ
EHDPV>@
,QGore et al.>@VXJJHVWHGWKDWK\GURJHOFRQWDLQLQJDIHUURXVVXOSKDWHVROXWLRQ)ULFNHJHO)*FRXOGEH
HPSOR\HGLQFRQMXQFWLRQZLWKPDJQHWLFUHVRQDQFHLPDJLQJ05, WRGHWHUPLQH'GRVHGLVWULEXWLRQV>@)*
GRVLPHWHUVDUHJRRGFDQGLGDWHVIRU'GRVHDVVHVVPHQWLQELRORJLFDOPDWHULDOVEHFDXVHRIWKHLUWLVVXHHTXLYDOHQFH
0RUHRYHULQYLHZRIWKHLUFKHPLFDODQGPRUSKRORJLFDOFKDUDFWHULVWLFV)*VVHUYHDVGRVLPHWHUVDQGDVSKDQWRPVDW
WKHVDPHWLPH
7KHOLWHUDWXUHLQFOXGHVQXPHURXVH[SHULPHQWVRQ)ULFNHJHODLPHGDWRSWLPL]LQJWKHFRPSRVLWLRQWRLQFUHDVHWKH
VHQVLWLYLW\WRGRVHDQGRUWKHORFDOVWDELOLW\RIWKHUDGLDWLRQSURGXFHGIHUULFLRQVDQGDSSOLFDWLRQVIRUFOLQLFDOGRVLPHWU\
9DULRXVDSSURDFKHVDUHEHLQJGHYHORSHGZLWKWKHDLPWRRYHUFRPHWKLVGLIIXVLRQOLPLWDWLRQ>@'LIIHUHQWUHVHDUFK
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JURXSVVXJJHVWDK\GURJHOV\VWHPEDVHGRQWKHXVHRISRO\YLQ\ODOFRKRO39$FURVVOLQNHGE\DGGLQJJOXWDUDOGHK\GH
*7$DVDPDWUL[IRU)ULFNHJHO>@$IXUWKHUZD\WRUHGXFHWKHSUREOHPRIIHUULFLRQVGLIIXVLRQLQ)*VZDVUHFHQWO\
SURSRVHGE\WKHDGGLWLRQRIODSRQLWHVLOLFDWHQDQRVL]HGFOD\SDUWLFOHV>@2WKHUVWXGLHVKDYHEHHQFDUULHGRXWERWK
RQ39$*7$JHOGRVLPHWHUV>@DQGODSRQLWHDGGHGRQHV>@,QWKLVZRUNIXUWKHUVWXGLHVKDYHEHHQSHUIRUPHG
XVLQJRSWLFDOPHWKRGVDVDQDO\VLVWHFKQLTXHVLQRUGHUWRJHWPRUHGDWDGHVFULELQJWKHEHKDYLRURIWKHVHGRVLPHWHUV

0$7(5,$/6$1'0(7+2'6

$OO W\SHV RI )ULFNH JHOZHUH SUHSDUHG XVLQJ XOWUDSXUHZDWHUZLWK WKH DGGLWLRQ RI P0 IHUURXV DPPRQLXP
VXOSKDWHKH[DK\GUDWHDQGP0;\OHQRO2UDQJH
*HODWLQH)ULFNHJHO*)*DQGJHODWLQH)ULFNHJHOORDGHGZLWKODSRQLWH/)*ZHUHSUHSDUHGXVLQJJHODWLQHLQWKH
DPRXQWRIZZDQGODSRQLWHLQWKHDPRXQWVRIDQGZZ%HFDXVHRIWKHEDVLFLW\RIWKHODSRQLWH
GLIIHUHQWTXDQWLWLHVRIVXOSKXULFDFLGIURPP0WRP0ZHUHDGGHGWRREWDLQDS+YDOXHLQDOOWKHW\SHVRI
JHOXVHGLQWKLVVWXG\LQGHSHQGHQWO\RIWKHLUODSRQLWHFRQFHQWUDWLRQ
39$*7$)ULFNHJHOV39$*7$)*ZHUHSUHSDUHGXVLQJFRPPHUFLDOO\DYDLODEOH39$0RZLROLQWKH
DPRXQWRILQZHLJKWRIILQDOYROXPHDQGP0*7$&RPSOHWHGLVVROXWLRQRI0RZLROLQZDWHUFDQEHHDVLO\
REWDLQHGLQDSSUR[LPDWHO\PLQXWHVDW&ZLWKRXWWKHXVHRIDXWRFODYH>@RURSHQYHVVHOPLFURZDYHGLJHVWLRQ
>@WKDWLVUHTXLUHGIRURWKHU39$FRPSRXQGV
,QRUGHUWRPHDVXUHRSWLFDODEVRUEDQFH2$VSHFWUDJHOVZHUHSUHSDUHGLQVWDQGDUGVSHFWURSKRWRPHWU\FXYHWWHV
)XUWKHUPRUHIRUPHDVXULQJWKHGLIIXVLRQFRHIILFLHQWVRIWKH)ULFNHJHOGRVLPHWHUVGLIIHUHQWVDPSOHVZHUHSUHSDUHG
ZLWKLQWKLQOD\HUV)*/V'HWDLOVRIWKH)*/VSUHSDUDWLRQFDQEHIRXQGHOVHZKHUH>@
)ULFNHJHOGRVLPHWHUVLQVLGHWKHFXYHWWHVZHUHXQLIRUPO\LUUDGLDWHGZLWKDQLUUDGLDWRUEDVHGRQD&VVRXUFH7KH
GRVHUDQJH*\*\ZDVLQYHVWLJDWHG$&DU\899LVVSHFWURSKRWRPHWHU$JLOHQW7HFKQRORJLHV6DQWD&ODUD
&$86$ZDVHPSOR\HGIRU2$PHDVXUHPHQWVRIWKHLUUDGLDWHGVDPSOHVLQWKHZDYHOHQJWKLQWHUYDOQPQP
2$VSHFWUDZHUHDFTXLUHGXVLQJDVUHIHUHQFHRQHXQLUUDGLDWHGVDPSOHIRUHDFKEDWFK
)*/VSUHSDUHGIRUGLIIXVLRQPHDVXUHPHQWVZHUHLUUDGLDWHGWRDGRVHRIDSSUR[LPDWHO\*\ZLWK;UD\VJHQHUDWHG
E\DQ;UD\WXEHRSHUDWLQJDWN9DQGP$GHWDLOVFDQEHIRXQGHOVHZKHUH>@
/LJKWWUDQVPLWWDQFHLPDJHVRIWKH)*/VZHUHDFTXLUHGXVLQJDODERUDWRU\PDGHHTXLSPHQWPRXQWLQJDEDQGSDVV
ILOWHUFHQWHUHGDWQP*UH\OHYHOOLJKWWUDQVPLWWDQFHLPDJHVRIHDFK)*/ZHUHDFTXLUHGEHIRUHLUUDGLDWLRQDQGDW
FRQVHFXWLYHWLPHVXSWRKRXUVSRVWLUUDGLDWLRQ7KHGLIIHUHQFHVRIRSWLFDOGHQVLW\ǻ2'ZHUHFDOFXODWHGSL[HOE\
SL[HO0RUHGHWDLOVFDQEHIRXQGHOVHZKHUH>@
7KHPHDQSURILOHRIǻ2'DORQJWKHOHQJWKRIHDFK)*/ZDVHYDOXDWHGDVZHOODVLWVWHPSRUDOYDULDWLRQDVHIIHFW
RI WKHGLIIXVLRQSKHQRPHQD'DWDZHUH ILWWHG WRDQ LQYHUVHVTXDUHURRW IXQFWLRQ7HUPVXVHGDUHDQDORJRXV WR WKH
HTXDWLRQGHILQHGSUHYLRXVO\>@

237,&$/$1$/<6(6

2$ VSHFWUD RI DOO WKH VWXGLHG JHO GRVLPHWHUV *)* /)* DQG 39$*7$)*ZHUH FKDUDFWHUL]HG E\ D EURDG
DEVRUSWLRQSHDNLQWKHZDYHOHQJWKUHJLRQEHWZHHQQPDQGQP
)LJXUHDDQGEVKRZH[DPSOHVRI2$VSHFWUDRI)ULFNHJHOGRVLPHWHUVEDVHGRQJHODWLQHZLWKDQGZLWKRXW
ODSRQLWHUHVSHFWLYHO\7KHVKDSHVRIWKHVSHFWUDH[KLELWDPDLQDEVRUSWLRQDURXQGQPZLWKDVKRXOGHUH[WHQGLQJ
LQWKHORZHUZDYHOHQJWKUHJLRQQP)RUDIL[HGGRVHWKHUHODWLYHLQWHQVLW\RIWKHPDLQSHDNDWQPZLWK
UHVSHFWWRWKHVLGHVKRXOGHUFKDQJHGZLWKWKHJHOFRPSRVLWLRQ
,Q)LJXUHFDQGGWKHGLIIHUHQFHVEHWZHHQ2$VSHFWUDRI*)*DQG/)*LUUDGLDWHGDWFRQVHFXWLYHVWHSVRIDERXW
*\DUHVKRZQ7KHVHGLIIHUHQFHVDUHFRPSDUHGZLWKWKH2$VSHFWUDRI)ULFNHJHOVDPSOHVLUUDGLDWHGDW*\,W
LVSRVVLEOHWRVWDWHWKDWWKHIRUPDWLRQRIWKH)H;\OHQRO2UDQJHFRPSOH[UHWXUQVDSHDNRIDEVRUSWLRQFDXVHGE\WKH
VXSHUSRVLWLRQRIVHYHUDOSHDNVGXHWRWKHGLIIHUHQWFRPSOH[DWLRQ$VWKHJLYHQGRVHLQFUHDVHVWKHJURZWKRIWKHPDLQ
DEVRUEDQFHSHDNLVGXHWRWKHVXSHUSRVLWLRQRIDSHDNDURXQGQPDQGDSHDNDURXQGQP7KHJURZWKRIERWK
SHDNVYHUVXVGRVHLVUHJXODWHGE\GLIIHUHQWSURSRUWLRQDOLW\FRHIILFLHQWV7KLVGLIIHUHQWWUHQGVDUHKLJKOLJKWHGLQSDQHOV
FDQGGE\DUURZVFRQWLQXRXVDUURZIRUWKHSHDNDWQPDQGGDVKHGDUURZIRUWKHSHDNDWQP
6LPLODUWUHQGVZHUHREVHUYHGLQ39$*7$)*GRVLPHWHUV)LJXUHHDQGIVXJJHVWLQJWKDW WKH)H;\OHQRO
2UDQJHFRPSOH[DWLRQSURFHVVLVQRWJUHDWO\DIIHFWHGE\WKHDGGLWLRQRIODSRQLWHLQWRWKHJHOPDWUL[RUE\WKHXVHRI
GLIIHUHQWJHOOLQJDJHQWV
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
),*85(2SWLFDODEVRUEDQFHVSHFWUDRIDRI*)*GRVLPHWHUVPDGHZLWKJHODWLQHZLWKRXWODSRQLWHE/)*ZLWK
ODSRQLWHDQGH39$*7$)*'LIIHUHQFHVEHWZHHQ2$VSHFWUDRI)*GRVLPHWHUVLUUDGLDWHGDWFRQVHFXWLYHVWHSVF*)*
GRVLPHWHUVPDGHZLWKJHODWLQHZLWKRXWODSRQLWHG/)*ZLWKODSRQLWHDQGI39$*7$)*

',))86,210($685(0(176

)LJXUHVKRZVWKHǻ2'SURILOHVDORQJWKHOHQJWKRIWKUHHGLIIHUHQW)*/VDPSOHVSDUWLDOO\VFUHHQHGZLWKDOHDG
OD\HU GXULQJ WKH LUUDGLDWLRQ PHDVXUHG DW  KRXU SRVWLUUDGLDWLRQ $ SURJUHVVLYH IODWWHULQJ RI WKH SURILOH ZLWK WKH
FRQVHTXHQWEOXUULQJRIWKHGRVHSDWWHUQZDVREVHUYHGDV FRQVHTXHQFHRIWKHJUDGXDOGLIIXVLRQRIIHUULFLRQV7KLV
HIIHFWLVVLJQLILFDQWO\ORZHULQ39$*7$)*GRVLPHWHUVWKDQLQJHODWLQH)*UHJDUGOHVVRIWKHSUHVHQFHRIODSRQLWH
)ROORZLQJWKHSURFHGXUHVGHVFULEHGLQ>@WKHGLIIXVLRQFRHIILFLHQWVRIWKHGLIIHUHQWW\SHVRIJHOZHUHFDOFXODWHG
DQGWKHUHVXOWVDUHVKRZQLQILJXUH

),*85(([DPSOHVRIǻ2'SURILOHVRIGLIIHUHQWJHOW\SHVPHDVXUHGDWKRXUVSRVWLUUDGLDWLRQWLPHVUHGGLDPRQGV
39$*7$)*/EOXHWULDQJOHVJHODWLQH)*/ZLWKODSRQLWHZZZKLWHGRWVJHODWLQH)*/ZLWKRXWODSRQLWH

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1RVLJQLILFDQWGLIIHUHQFHVi.e.ZLWKLQRQHVWDQGDUGGHYLDWLRQDPRQJWKHGLIIXVLRQFRHIILFLHQWVRIWKHLQYHVWLJDWHG
)*GRVLPHWHUVEDVHGRQJHODWLQHZHUHREVHUYHG7KHUHIRUHLQWKH)ULFNHJHOGRVLPHWHUVVWXGLHGKHUHWKHDGGLWLRQRI
ODSRQLWHLQWKHDPRXQWRIRUGRHVQRWVHHPWRDIIHFWWKHPRWLRQRIUDGLRLQGXFWHGIHUULFLRQVLQWRWKHJHO
PDWUL[7KHREWDLQHGUHVXOWVDUHYHU\VLPLODUWRRWKHUYDOXHVDYDLODEOHLQOLWHUDWXUHUHODWHGWR)ULFNHJHOGRVLPHWHUV
SUHSDUHG ZLWK JHODWLQH >@ %\ FRQWUDVW D VLJQLILFDQWO\ ORZHU i.e., DSSUR[  WLPHV GLIIXVLRQ FRHIILFLHQW ZDV
REWDLQHGLQ39$*7$)*GRVLPHWHUVFRQILUPLQJWKHKLJKHUVWDELOLW\RIWKLVV\QWKHWLFJHOPDWUL[RYHUWKHQDWXUDO
RQHV>@


),*85('LIIXVLRQFRHIILFLHQWVIRUGLIIHUHQWW\SHVRI)ULFNHJHOV


&21&/86,216

'LIIHUHQWW\SHVRI)ULFNHJHOGRVLPHWHUVKDYHEHHQVWXGLHGDQGFRPSDUHGWRUHFHQWIRUPXODWLRQV7KHDQDO\VLVRI
WKH2$VSHFWUDKDVVKRZQEHKDYLRUVWKDWDVVRFLDWHDOOWKHGLIIHUHQWW\SHVRIJHOVDQGDUHQRWDIIHFWHGE\WKHW\SHRI
PDWUL[RUE\WKHSUHVHQFHRIDGGLWLYHV
7KHSUHVHQFHRIWKHODSRQLWHGRHVQRWEULQJVLJQLILFDQWLPSURYHPHQWVLQWHUPVRIGLIIXVLRQRIIHUULFLRQVZLWKLQWKH
PDWUL[7KHXVHRI39$FKHPLFDOO\FURVVOLQNHGJUHDWO\UHGXFHVWKHSUREOHPRIGLIIXVLRQ7KHXVHRI0RZLROOHDGV
WRDQLPSURYHPHQWRIWKHJHOPDQXIDFWXULQJSURFHGXUHVJXDUDQWHHVJUHDWHUJHOSXULW\ZLWKRXWDOWHULQJWKHGRVLPHWULF
SURSHUWLHV$GGLWLRQDOVWXGLHVDUHFXUUHQWO\XQGHUZD\WRWHVWWKHGRVLPHWULFUREXVWQHVVRI0RZLRO*7$)ULFNHJHO
DJDLQVWSDUDPHWHUVLQIOXHQFLQJJHOVSUHSDUDWLRQVXFKDVS+DQGJHODWLRQWHPSHUDWXUH0HDVXUHPHQWVDUHDOVRRQJRLQJ
YLDPDJQHWLFUHVRQDQFHWREHFRPELQHGZLWKRSWLFDODQDO\VHV


5()(5(1&(6

 7.URQHWDO'RVLPHWU\RILRQLVLQJUDGLDWLRQLQPRGHUQUDGLDWLRQRQFRORJ\3K\V0HG%LRO
 5-:/RXZHHWDO7LPHUHVROYHGGRVLPHWU\XVLQJDSLQSRLQWLRQL]DWLRQFKDPEHUDVTXDOLW\DVVXUDQFHIRU
,057DQG90$70HG3K\V±
 5&DVWULFRQLHWDO'RVHUHVSRQVHRI(%7UDGLRFKURPLFILOPVWRSURWRQDQGFDUERQLRQFOLQLFDOEHDPVPhys 
Med Biol 
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